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(57) [WfM*#©«HJ 

?g{t© m% t m y v -m ©Kit© ft ^ -r *@*fft @i 



m&m 3 ] listta 1 xt±«ra&» 2 fcflH*©«stb 
©SB^fe 



(2) 



34 9 87 37§ 



t * s «ttJi*-Sty» * L fc V i; N^iSS-r s is 

imwm<D?-%<D-<oMmk, commtmmmm^m 

[f^OtSW&SiBJi] 

[000 1 ] 10 
[0 0 0 2] 

[0 0 0 3] 

[0 0 0 4] 
[0 0 0 5] 
[0 0 0 6] 

vtmoDW&i jfmmnwmt. tr v fji 1 7 v -m 

[0007] cntciti^ tf^FJifcfts^JKttJi so 



j&mr&c mmmwiammwom 
it<Dfa% am mmm tic ± t> 5 mi§© #g 

[0008] lufBK^EPtoffl^ttMcSS^fbtc^s^ 

[0009] sfc, *^©ffico#iia, i?>Fmty 
v-mt*&&me>'Vg<DM<k<Dfa%tffl7v—m<D 

'>£ < £ fetufB fcf ^ FJf t & 5«ffil*-&€rJl*)iB/* L 

ts coiwmtmmmMttmxxmm-tzffimmmcD? 
*><om<Dmmt<Dm\cm^H^m^mmhxm^ 

■> FS £ ^Sltti© «Kt© ft^ £ £ vtSIg £ 
[0 0 10] J:E?n'?h7Wli, 

IB] N S*^ 6 III N ffiOTW § S Ss^T^iRl© 
tc, $5 SlfcSLtlt C£DS@©^i!|li:#ffi-r5N 



(3) 



#ffFH 34 9 87 37^ 



[0 0 1 1 ] 

fcidtc, IMSiOz/Si, j^XX&SISt^ 
ft*WHE#?gK©»R 1 Ot, 

(P) 11, 2 1i, /W7XfiWI©3^;I/3 0 
IiOll^^F4 0a~4 0f^*ixTM„ 10 
(P) 11, 2 u &yvwrx 
WffflO3^3 0tt, *n€tl»K/<y F 4 0 a, 4 
Ob, 4 0c, 40d, Sff40e, 4 0 HC^M^tl 
T^5. I^hV^^M*? (P) 1 1 £«*hV* 

jis^m? om 2 1 B«Lhi-ti*«oT?, «Tfc 

fc'V^Ttt, «*h>*;WWRjR? (P) l 

bTStWiU Ith>^«I? (P) 2 lfcO^T 

©WE***"*-*. 

[0 0 12] (P) i i tf\ ifc* 

© (COJWtt, 2 01) 0«j«Chy*7Wft«|f?*»6 

Si oo±t¥®?g«**35rJBt)etebfc*»oT»«i 

fi-e$5Ta (Cr, Ti^tfi^ ) k: £ 9 HI? 3 0 
nmigKM^tLt^S, 3-TSBWSl 2©.bfUi, 
HT*»B 1 2 TOKttteJKj«*tU If30n 

miSO PtMnWSS £&«ttSI 1 3 a^tl^tl* so 

[0013] 3-K3M£ttJSI 1 3 ©Jbia*. If20nm 
tSON i F efrS&S— fchD&fl&ttflg 1 4, 1 4tfflS 
Pl^PHTTa)i*ih.TV>5o C«ttll 4, 14 

KfcStTCV*. &£k K&MfclSl 3ZffiM&m (tf 

>fs) 1 4 a, «fboift*<«iwfl9teBje*nfc (B 40 
[0014] #§£$14111 4CD±t&, m&Kttisi 4 

cOfgif 1 5 li, Il#iflt-$5 A 1 2 O3 (A 1 - 
0) fr^&tK ^ 1 nmlSiftSi^fcM 

[0 0 15] ^Bl 5©±ia4, IrI*S»W1 5 tm— 
VB^tt^lfU MJ?8 0 nm§Sf©N i F eA^*5 

9MKttKi ewprtsnT^*. c^sti&ttjati 6«, 



* tf v Fg t fldfSttJMI 1 5 t fc fc fcSS^ h >*;l>|£& 
*5&&J&«LTVS. S^ttKl 3, &tt1£jg 

1 4, mmi 5, st/^srast 1 6fcj;!K 

« h (WiSFfcfiftO *M««*n*. 

[0 0 16] &%m&mi 6 0±fct4, H#3Httttj£l 
V5o <:©^5-Il 7 14, lf4 0nmlSOTaI 

[00 1 7] 1 0, TSBmffii 2, KBHKttJRi 
3, SI«1 4 S Ifiiil 5, SSS&ttfflil 6, atf^r 

5-11 7*i^ffi«fctt, mwTwmmi 2ms& 
mmm 1 3 ^n^nmm^mt^ 1 1 1» 

tt&BIl 3±U:aSW-?fc-»oaBKttill 4, Ml 

U 8(iS i OafrS&tK ^<Dm.m±2 5 0 n mSfi 

[0 0 1 8] COAimUMIl 8fctt, #^5 -Ml 7 
±tT3V^^ht>-;H 8 a^-f-tl^tl^^tlT^ 

i45TiWti 2 C&tfE9ttttttMl 3) ±}cS»^ 
-»©^3-U 7, l 7 ^BB*S^k:««Wk: 
M;U4JKJP3 0 0 nm©A 1 ^t>*« 

_hg|5S*ii 9, i 9^n^'n^$nr^5o c©<fc 
•5^, ramus 1 zmiKmmmi 3t, ±a«*i 

tm&mi 6, 16 C&^5-§tl 7, 17) £#5311 

«ffini 3, 1 3 t^^n^ti^mamwm^cmm 
tzct-Zs tr^F/i©^:©^*^— ts^t, s 

hy^MWHrf (P) 1 1 *W^H5„ ftfe, ±a$ 
*<S1 9, 1 9<D±tCt±ia^^-B§L^:S i OMS i 

[0 0 19] 3^l/3 0ti, iteilh^^MI? 

(p) li, 21 fc^©/wrxjKi?%ft#-r5?tto 
©t©t*<feoT, iKMf>^;«If (P) 11, 2 

lOT^BUK^h^*^*!^? (P) 11, 2 1© 

[0020] mc, ±B»*h>'*;MttijlUIS?o»Jfe& 
stcot,>Tia5~0 i 7*#MgL**^siwrso % 

0 5—01 2&tf@l 4-01 7fc*5V^Tl4s ^ 

©fc&, 4 {@©$» h z/*)]s%}mm?tfmimwit£ nt 

^:S^h>^;l/^*fp3b^^tiTf>S„ S^c, c 

[00 2 1] ^fe-f, 0 5{C^bfcJ;dlC, Hi 0 (C 

f#£*i3— fe<DgST'ifc3, ) ©±fcTSP«ffil 2^rflS 
BSc-ra T a 3 0 n mSSfCX/^ v 9 ij 



(4) 



# fFH 3 4 9 8 7 3 7^ 



Rxfmwm cifvKJi) 1 4*«^*fc«>^p tM 

nfrSftSMfttfN i F e^545l4, ^tl^niWP 
#3 0 nmM2 0 n m£ft£<fc 5 &eX;^y £ V^fflC 

3i:ft£P tMn!l fttf»«te*l 4tft£F eN i 
it^Ti&ttilS J ^IWlTSo 

[0 0 2 2] *<Dfc, A 1 * 1 nmStSiU 
Xfc*oTCn*«ffc**TJfi3iWl 5^^§A I2O3 

(A 1 -O) *^&5l«t5o 10 
<D9fettffi|l 6*«fiK-T«N i F efr6a««*«A« 

B»tf4 0nmtft5«fc^Mt5o ^ 
Ml 6M^-U 7«IttiUJ tWtSc 

«EffcJiU J*JnXLT^U B7^LfcJ;5li:TI 
ttlS J *iOILT»it«o 
[0 0 2 3]*fc, @8^L/c<i;5^ MIUIttlMl 
8*iffit5S i 02^6**il«||WWiR?±Tf2 5 20 

0±fc^y*T««J:LTC rfr&ftSKRtfN i F e 
fr6ft5«**ft^noBl»*M 0 0nm«iff5 0 n 

ffllttl^lTNiCo^^WSo CON i Co© 
Jp£fci\ 0t|x.fcf 1 0/imm o fits Hi 1 ICt^L so 
fccfc^lCl^X F*l*£L/£:^ HI 2*CjSL;fc«fc'5fc: 
^HfcWTSSy ^ (A r sy V^O 
T*MfcbT«J«bftN i F e*»£t« e 
[0 0 2 5] HI 3fc£, ^^§«10^XA^f®iT 

ft*5, HI 3k:£>^T&. ^(D^-»^flc^V) 
^J*ns»tEO#^k:flBt±«F#l 0*#Lmo 
Hi 3fcS*L;fc±5fc:x ^l/^Xh^/^^y^c 

«^TOnfl»l4« (Ni Co) t±ffl* «WIE7?je 
ttWot, 4 lc#»J 

atf«*lRlfc43V>T*iKhv*;l^ft**F (») li, 

V KB fc ft S«ttii*$tyT«ffill S J ( tf ;/Ji t ft £ 

1,2 1 fc*3Ji*BSty«k'5fc:) ERSftSo c« 

T^fRl^^} 1 00 0 (Oe) (OSa^<OBIS«r^x.x URttV 

mm) ^^§0 

[0 0 2 6] ±fE««*Bfc*T£o COil so 



«»93iP««ttJioas«ftk: «fc ^ 013 0^91 B tc 
(S) li, 2 1 fcft*»»tett, R*»o*##iRrte 

efi^ttll 1 3 *«RiJ*4ffc"T * Jc^SMWH 
Sti«K«hv*;Wtt*U» (P) 1 1, 2 

rafts n*: (tr^«n?fc) tfvFJi*# , r««t5J*:a 

fcfc, HUc^^^T^Lfc^fRjOKftH^tt^r^'r^J; 
•9 Icft^o 

[0 0 2 7] *W HI 4tC^LfcJ;'5tC, ;*^§i 

N i F e£r®Hc£DB&i:U HI 5tC^LfcJ;d^^y 
>^tc<fcoTC r£:B&2rr£ 0 f^I, HI 6^Lfc 
j;^cn^^h$-;l/l 8a%AHM5Wfl 8*c»j« 
U Hi 7fcljKL;fc«fc5fc:A 1 I«£DilP^3 0 0 n 

mi^^^^cx^^y^yy^a^MU cn^ia 

[0 0 2 8] *LTx SKI 0O±^HUc^Lfc«ffi 
/^yF4 0a~4 0fWbt, Htt/^K4 0a 

- 4 0 f h (») 11, 2ua 

D 1 5 0 nmOiSSttSS i 03^6ft«K (Et^* 
W&) v &rf 1 0 0 0 nm^DIWS S i Nfr5&S 

ttS^y F4 0 a~4 0 f^Sffl^^^o «$g 

i/^y\z- &*)m* om&te wtcfttiki,, mm^ * v *r 
[0029] c(D&5icgm-$tircmifo^tcm%.b 

v*;l/jft**? (*) 1 lfcWU Hi ©Xtt^iRjfclHl 

CMRJt) £r«£L7co ^OlS^il 8M11 9tc 
^t*o HI SRXfBl 9frSB863^ftJ;5^ 
*;Wft**F (») 1 lOMRtttt, Xtt^lRlfciSftf 

[00 3 0] naUc, BllC/fNLfc«»h>*W*« 

? (W) xtt#rttY«i*ieiotn**io 



(5) 



3498737^ 



(ornmitmuR cm r to 

2 OStf0 2 1 tC/^to 02 OM0 2 1 fr&W&frft 
■fc^fcu «*hv*;WBaaR? <P) 2 lOMRJttt, 

^^sj*awwte« , r*J;0 , E>**<*ft:L/fc« eft 
mMh^^m^m^ o») 2 iuu *ot?> 

[0031] »2S«BSI0PJ»te:«««*'fevi?-k:o 

^TKWr*t, ff2$IWttU:. Sl**JK»OH« 
HWffPtMnfcNi F e ^^^^tlTt^cOtC 

nRhfr64«ItlWtf4 0ntnONiFe (fcTV'F 
M) ^6*S«ttfc<tl)«KK^tiT^SjS*c43^TO* 

commies d , sg 2 *»?g«o«BS7?ffi«ai 1 sass&B 

[0 0 3 2] SP^ N »2*Sl0BJIIfcteir^T«. 02 2&C 
^Lfccfc -5 ^ Sfi 1 0 <D±\c 3 0 n m^JK/P^W-T S 
TafrSftSR 30nm(Olf*tt5MnRh^6 
fttf 4 0 nmOflgJPfc^trSN i F e^?»*S 
M^X/^y £ y V^lc J: D^LT^ttS S J *JB«-r 
£ G nmOA 1 *J«aiLTe:tL*»{tU ffi^ 

Si 5^Mt§o ?©±lC4 0nmOI|i*ft5N 

i F e7b^*§ffiatf4 0nm©If%tt5T afrS 30 
45l*MLT±«ttIU J «flg«r»o 

[0 0 3 3] ta2 3\£7Fil'1t&5\C±mttMU 

J*iOXLT»(tU 02 4^Lfc£'5&cT^e/f S 
J^PXLT^glf^o 02 5fc^bfcJ:5^ 

S i 02^r j ecOffii¥^2 5 0nm^§J;5a^y^ 

L7"c<£ 5 [pJJiP^iUi 1 8icn^^h^- ;M 8 a 
fcJBflETSo 02 7Jc^bfccfe5fc:A 1 

*E»Jgttfcj6DXLT±»«lil 9*JgjafSc 40 
T. 0 2 8fc:g*L;fci'5k:S i OSffS i Nfr 
MBJI2 0^CVDtaDMt§o 

[00 3 4]^ 02 9lcmLfcXolZ^ ^y*Tft6 
I^bTC r^SftSBIRtfN i F e*^S5l^n 
^n^KJ¥^l 0 0 nmfe'<fctf5 0 nm^^ct^X 

/*y*y z/?\c& t)jgj«u «ei^tH3 ofcfxbfei? 

tcUv^Xh 5 1 ^rM^^r^o l/^XF 5 1 ti&K:*^ 
[0 0 3 5] S3 1 te^L/c^kl, K»EP*D so 



10 

i«ttitLTNiCo*^7*«o CONiCo^ 
m-Zlt, WJttflO/imttS, fb^ 03 2^b 
fc£5k:U$>Xh*B&SL;fc1& 03 3fc^Lfc<k?fc: 
fffilcStSSyv^ (Ar^'Jy^) tc£D. 
TW^bt^b/cN i F e^t§ 0 COBJjS 
T\ 01 3^b^i^4§OT\ #«*9ltaJS»tt 

J»oftt"iE*»o^«fc¥f5a#iftk:» 1000 co 

e) OS^Ol^^i, W«#WiPffl«ttii*H 1 3 
O^BPAkiT^LfciRi*k:«E{fc (»«) *<oVk. 

[0036] C(Ot^, 

(W) 11', 2 1 'fc*S«#tel±. NiCo« 

r--;WBJi*«W-o co*SlfL HMWRl 0 '±tejg 
«*ti5»«bv*;W!i««f (S) li', 21' 

fcfcfcSo Sg7^-;l/®l«7b/cf^, 03 4^ 
SbftAifcllctoW^+iN i C oft^^+T 
»NiFe«SU 0 3 5^bfcJ;5*c^y > 

[0037] co«fcdk:HJt«nfcHi \tm^tzM%Y 

^*iwmmfr OB) 1 1 *fc»u xis^^Ytt* 

^x., ^O^OgJn^ffc^MR (MR It) *9ffib 
fco ^$SI^@3 6M@3 7^to 0 3 6Stf0 
3 7^5S!6M«k5^ K«h^*;M»**? CW) 
1 1 '<DMRJt«u Xtt*|ftlcaffc^«^aJ^fe:i«- 

CP) 11 'tt, *©lf>KJlOKffc<0|RF*»XWcT 
[0 0 3 8] fame* Hi teiRLfcKAhv*;!^*** 

? a») 21 - te»u xtt*ffttYtt*isi<o*n€n 
*©«iSEft*MR (MR It) zmfelsfco 

a3 8StW3 9^/TNto H3 8RtfH3 9^5W6fr 
«»hV*7Mft*«? GB) 2 1 '(DMRJt 
tt. Ytt*|ftfc*ft^«^*WteS«-«#3V. Xtt7^ 

cWcd;^ IMbv^/VMif (S) 2l'^t 
OlfVFJIOJKftOlftSWYWfcWTia-oT^Scli: 

[0 0 3 9] JM±, »Wbft«fc5lc, Ml. ^2^g£jg 



(6) 



mmm3 4 9 8 7 3 7^ 
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[0 0 4 0] ft*5. A 1 3***J»T?ttHffi*ftJ|©i;> 
ItPtMn*«fflmW P tMnfc**SJk:iSa 10 

l/^T, Mn R h <OlK^iSfi7x-;l/jaitlci(7)*I 

WSMMMfcteff 5 C 1 1 Ltc 0 
[0 0 4 1 ] ±C» 1 , »2SUteK»©»Ji*ffi 

t^tI«hv*;VMI? (P) 

£o IP^s JK«hv*;WB«*T»i l, 21, li 

tt^i;Df3fH^ffiK^OiRiff^SMK^gjSb. 04 oco 
VLFfc j; t) *R Lfc £ «9 tett*WJT©*:S « # r o j 

^WOEfftf roj (Oh^mx (BS9 0° ) ^ 
SOI©;*** (ffiMi) «%*<a*SH*3>«. £ 

GDC£&, HI 9. ^20, 03 7. RtfB3 8fc<fct> 

[0 0 4 2] »^ 01 3^6feW6MJ;5^ 
•miP«ttJI"C?*S^y*M (N i Co) *RIBl 3* 

[0 0 4 3] *SSWOS3SISS?g«k:«s«*-fe 



12 

SHr^liTMRff led; Di«^nt^Ok:»U 
m 3 *ffi«^I^^r >tm G M R *f fc: <fc 0 mtiZZti 

n^o c<D«flHrvinj\ xifc#ifc©«j?*i& 

[0 0 4 4] J;DIWci^i, 
Ott, 04 2U:^L7cJ;«Mc. ¥ffiMTSl^cttS-r§ 

—WE) 60at [WH^y:/6 0 a<D±Wfg/K<*ft7c-& 
SfT8ffl(DGMRfg^6 1 — 6 4, 7 1 —7 4 ^,(11^ 
7^6 0 a<D±lcB^tirz^^sm<D/^y F6 5~ 

68, 7 5-7 8. atf*/^^ Kt#«?t*sa*-r« 

[0 0 4 5] g| 1 X#GMRf?6 1 tf\ ?776 0a 

^v«nfeJKftoift*ttxttft75rifttaoT^«o H12 

XftGMRl?6 2^ ^yye 0 a<DYtt73lRjRgf£^ 
*±*^X*ft*|ft««l8fi«fc««*tlTV^Ts 04 2 

iRlSttXiftSftiftot^So 83XiGMRif6 
3 tt, 9^ 7 6 0 a <D Ytt^T|q«**a5±*T? XttiETS* 

cfcdfcu lf>F)fOlfV*nfc«{t<DlRl*a:XttiE*lRl 
^^T^o S4XiGMR«T6 4tt, f7^6 0 
a <D Y tt^fRlBS H»3feaTF#T? XttiESlWIWPjeflFteJp* 
£tlT^T, 04 2 0*Bl*CT^bft<t^*C. tf>FS 
OlfV*nftlK{fcO|ft€?a:XttiE*lfti:*oT^Sp 
[0 0 4 6] Jffl YiGMR*f7 1 f7^60a 

0 Xtt^fqjBS^^gP^ETj^ YlfiiE^fRjfflwPiS^^^jsSc^ 
nt^T, 0 4 2 co^WICXtjkLTcX 5 ^, IfVFJi© 

b?v^nfc«ffc©ift*J±Y«iiE?5riRii:ft-3T^So ^*2 

Y«GMRi?7 2fciu fy?6 0aiDXi7SiftBW 
SP^TYWiE^fRlSgPifi^^Jg^nTt^T, 04 2 

|Rj€?l*YttiES , |fti:ftoT^So ^3YiGMRi?7 
3ttx ^y^6 0aOX*7?l^*5fc«**TfY(ftft* 
^SgPMcM^nt^T, BB4 2 0*WcT«bfc 
lf>F»©lf>*nfe«{tOlRj#ttYttft*|Rl 
tftot^So S4XttGMRl?6 4^ ^7^60 
a ©X|K^K*^gP£^TYttt7j»M^M 
^nt^T, 0 4 2C0^^^T^L/c cfc«9^ N tfVFB 

o^v«nfcKffcoift*ttY«ft75nftfca«3T^«o 

[00 4 7] §GMRi?61-64, 7 1- 7 4^ 
f^6 0am§EI (^76 0 alCfcfTS tf > 

1 XiGMR*F6 1 tftWIfcLt, 



(7) 



#fF|g 3498737*1 
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[0 0 4 8] mi XttGMRlf6 1 
04 3. RZf, 0 4 3(D2-2miC^^Tz^miCXmi 
X«GMRi?6 1 *«BfLfc«WllfffiH-e*«H4 4 

te«#^**t"«*»Oi|»»|PK»6 1 a -6 1 a 
**BRV«flB6 1 acOYtt^SffiPOT^tcjg^ 

sn^c o c r p t^iststtftt^^t, 

gS^ttftSStJl) 6 1 b-6 1 bi*«AT^« # 10 
ifeRfl£K8P6 1 a-- 6 1 ate, ^W7Xl5l6 1 b 
0±ffifcTX«|*rfttC#tfTB»»-rs«»flfttffl5 6 1 a 

[0 0 4 9] fg 1 XiGMRif6 1 OXtf^W^IK 

Sffltffc*) F, mm&2. 4nm (2 4a) ©Cufr£> 

Ji) P. fttfJWPtf2. 5nm (25 a) 0^£> (T 
i) Xtt^V*^ (Ta) 3tp6*S*-V*y tfV^JfCfr 20 

[0 0 5 0]7U-IF^ tt^#*©lftt?fcJSi;T« 

^n/cili^8 nm (80 a) ©CoZrN b7W 
7Xlfii6 1- lts CoZrNb7W7Xltt 
16 1 - 1 <D±lC]&j8,i£nitmr*1fi3. 3nm(3 3 
A) CON i F eltt!6 l-2t, N 1 F elft|6 1 
-2c0±^ffM^nfc 1 —3 nm (1 0-3 OA) @g 
OSW©C o F el6 1 - 3 t*64oT^S 0 CoZ 
r Nbr^V7rXlftl6 1-ltNiF efttl6 30 
1 - 2 ^ftlWttftSli^MLTV^o C o F e 
l6 1- 3ttNi F el6 1 -2 ON i . &t/X^— 9" 
■ SOCu61 -4«Mlh^tOT*§ 0 ft 
fe\ «JiELfc/^rxSBt5a>6 1 b-6 l b fcfc N ^U- 

»F©-«ia#tt*it» , r«fc^ n7»j-iFt»L 

TYtt75-|6] (BB4 30*93fciT*bfcfe&*ia) fc'W 

[0 0 5 1 ] tf^JSPte. BWP#*2. 2nm(2 2A) 
(DCoFe OtttiB 6 1 - 5 Pt*45~55mol 
%t??P tMn^^ML/c!f^2 4 nm (2 4 ao 
OA) ©S»«tt«6 1 -6fc*«ta-&t)*fcfeOt?ft 

c o f e^tt/se i-5(4, *^ OKft) snfcs 

?S«tt^6 1 -6fcSg»IHr&Wfc:^sn«2:fck:j;D 
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CLAIMS 



(57) [Claim(s)] 

[Claim 1] It is the manufacture approach of the magnetometric sensor equipped with the magneto- 
resistive effect component from which resistance changes according to whenever [ angular relation / 
which the sense of magnetization of this pinned layer and the sense of magnetization of this free 
layer make including a pinned layer and a free layer ]. The process which forms the layer containing 
the magnetic layer used as said pinned layer on a substrate at a predetermined configuration, The 
process which forms the magnetic layer for magnetic field impression for impressing a magnetic field 
to the layer containing the magnetic layer used as said pinned layer, The manufacture approach of a 
magnetometric sensor including the process which carries out the pin of the sense of magnetization 
of the process which makes said magnetic layer for magnetic field impression magnetize, and the 
magnetic layer which turns into said pinned layer in the magnetic field by the residual magnetization 
of said magnetic layer for magnetic field impression. 

[Claim 2] The process which is the manufacture approach of a magnetometric sensor according to 
claim 1, and forms said magnetic layer for magnetic field impression is the manufacture approach of 
the magnetometric sensor which is the process which forms said magnetic layer for magnetic field 
impression so that the layer containing the magnetic layer which turns into said pinned layer in plane 
view may be pinched. 

[Claim 3] The manufacture approach of a magnetometric sensor that are the manufacture approach 
of a magnetometric sensor according to claim 1 or 2, and the sense of magnetization of said magnetic 
layer for magnetic field impression differs from the sense of the magnetic field by said residual 
magnetization. 

[Claim 4] it is the manufacture approach of the magnetometric sensor equipped with the magneto- 
resistive effect component from which resistance changes according to whenever [ angular relation / 
which the sense of magnetization of this pinned layer and the sense of magnetization of this free 
layer make including a pinned layer and a free layer ]. The process for which the magnet array 
constituted so that it might differ from the polarity of other magnetic poles which the polarity of the 
magnetic pole of each permanent magnet separates the minimum distance, and adjoin is prepared 
while arranging two or more permanent magnets at the lattice point of a tetragonal lattice, The 
process which arranges the wafer in which the layer containing the magnetic layer which turns into 
said pinned layer at least was formed above said magnet array, The manufacture approach of a 
magnetometric sensor including the process which carries out the pin of the sense of magnetization 
of the magnetic layer which turns into said pinned layer using the field formed between the magnetic 
pole of one of said magnetic poles, and other magnetic poles of said magnetic poles which separate 
this magnetic pole and minimum distance and adjoin. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is a magnetometric sensor using the magneto-resistive effect 
component which comes to contain a pinned layer and a free layer, and relates to the manufacture 
approach of a magnetometric sensor of having two or more magneto-resistive effect components 
which the sense of magnetization of said pinned layer intersects mutually on a single chip. 
[0002] 

[Description of the Prior Art] From the former, the huge magnetic resistance element (GMR 
component), the magnetic tunnel effect component (TMR component), etc. are known as a 
component which may be used for a magnetometric sensor. These magneto-resistive effect 
components are equipped with the pinned layer where the pin (immobilization) of the sense of 
magnetization was carried out to the predetermined sense, and the free layer from which the sense 
of magnetization changes according to an external magnetic field, and present the resistance 
according to the relative relation between the sense of magnetization of a pinned layer, and the 
sense of magnetization of a free layer. 
[0003] 

[Probiem(s) to be Solved by the Invention] However, the magnetometric sensor which it is difficult to 
form two or more magneto-resistive effect components which the sense of magnetization of a pinned 
layer intersects mutually on a minute single chip, and such a single chip is not proposed, therefore 
consists of a single chip using a magneto-resistive effect component had the problem that the 
application range could not be made large for constraint of the sense of magnetization of a pinned 
layer. This invention offers the manufacture approach of a magnetometric sensor of having two or 
more magneto-resistive effect components which the sense of magnetization of a pinned layer 
intersects mutually on a single chip. [0004] 
[0005] 
[0006] 

[Summary of the Invention] The description of this invention is the manufacture approach of the 
magnetometric sensor equipped with the magneto-resistive effect component from which resistance 
changes according to whenever [ angular relation / which the sense of magnetization of this pinned 
layer and the sense of magnetization of this free layer make including a pinned layer and a free 
layer ]. The process which forms the layer (for example, the antiferromagnetism film and a 
ferromagnetic) containing the magnetic layer used as said pinned layer on a substrate at a 
predetermined configuration, It is in having included the process which forms the magnetic layer for 
magnetic field impression for impressing a magnetic field to the layer containing the magnetic layer 
used as said pinned layer, the process which makes said magnetic layer for magnetic field impression 
magnetize, and the process which carries out the pin of the sense of magnetization of the magnetic 
layer which turns into said pinned layer by the residual magnetization of said magnetic layer for 
magnetic field impression. 

[0007] According to this, the magnetic layer for magnetic field impression for impressing a magnetic 
field to the layer containing the magnetic layer which should turn into a pinned layer is formed of 
plating etc., and this magnetic layer for magnetic field impression is magnetized after thai And the 
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pin of the sense of magnetization of the magnetic layer which turns into said pinned layer in the 
magnetic field by the residual magnetization of said magnetic layer for magnetic field impression is 
carried out. In this case, as for the process which forms said magnetic layer for magnetic field 
impression, it is advantageous to form said magnetic layer for magnetic field impression so that the 
layer containing the magnetic layer which turns into said pinned layer in plane view may be pinched, 
and it is advantageous that the sense of magnetization of said magnetic layer for magnetic field 
impression differs from the sense of the magnetic field generated by said residual magnetization. 
[0008] It depends for the sense of the magnetic field by the residual magnetization of said magnetic 
layer for magnetic field impression on the end-face configuration of the magnetic layer for the said 
magnetic field impression, therefore, the thing for which this end-face configuration is made into a 
proper configuration — or the sense of the magnetization given to the layer containing the magnetic 
layer used as this pinned layer can be made into the sense of arbitration by arranging appropriately 
the layer containing the magnetic layer used as a pinned layer to an end face, and two or more 
magneto-resistive effect components which have the pinned layer where the pin of the magnetization 
was carried out to sense which is mutually different by this can manufacture easily on the same 
substrate. 

[0009] Moreover, other descriptions of this invention are the manufacture approaches of the 
magnetometric sensor equipped with the magneto-resistive effect component from which resistance 
changes according to whenever [ angular relation / which the sense of magnetization of this pinned 
layer and the sense of magnetization of this free layer make including a pinned layer and a free 
layer ]. The process for which the magnet array constituted so that it might differ from the polarity of 
other magnetic poles which the polarity of the magnetic pole of each permanent magnet separates 
the minimum distance, and adjoin is prepared while arranging two or more permanent magnets at the 
lattice point of a tetragonal lattice, The process which arranges the wafer in which the layer 
containing the magnetic layer which turns into said pinned layer at least was formed above said 
magnet array, It is in having included the process which carries out the pin of the sense of 
magnetization of the magnetic layer which turns into said pinned layer using the field formed between 
the magnetic pole of one of said magnetic poles, and other magnetic poles of said magnetic poles 
which separate this magnetic pole and minimum distance and adjoin. 

[0010] The above-mentioned magnet array arranges two or more permanent magnets at the lattice 
point of a tetragonal lattice, and it is constituted so that it may differ from the polarity of other 
magnetic poles which the polarity of the magnetic pole of each permanent magnet separates the 
minimum distance, and adjoin. [ above a magnet array ] therefore, by the plane view of this magnet 
array To the south pole which exists in a rightward field and this N pole [ this N pole to ] bottom to 
the south pole which exists in the right-hand side of one N pole to this N pole, an above field, A down 
field is formed in the south pole which exists in this leftward N pole [ a field and this N pole to ] 
bottom to the south pole which exists in the left-hand side of this N pole to this N pole (see drawin g 
56 and drawing 57 ). Similarly, to a certain south pole, an above field is formed from N pole which 
exists in the field of N pole which exists in the right-hand side of this south pole to the left, a field 
down [ N pole which exists in this south pole bottom to ], the field of N pole which exists in the left- 
hand side of this south pole to the right, and this south pole bottom. Since the above-mentioned 
approach carries out the pin of the sense of magnetization of the layer which turns into a pinned 
layer using these fields, it can manufacture easily the magnetometric sensor with which the sense of 
magnetization of a pinned layer comes to cross mutually on a single chip (in this case, rectangular 
cross). 
[0011] 

[Embodiment of the Invention] Hereafter, it explains, referring to a drawing about each operation 
gestalt of the magnetometric sensor by this invention. The magnetometric sensor concerning the 1st 
operation gestalt is equipped with the substrate 10 of the abbreviation square configuration which 
consists of Si02/Si, glass, or a quartz, two magnetic tunnel effect components (group) 11 and 21, the 
coil 30 for bias fields, and two or more electrode pads 40a-40f as shown in drawing 1 which is a top 
view. The coil 30 the magnetic tunnel effect components (group) 1 1 and 21 and for bias fields is 
connected to the electrode pads 40a, 40b, 40c, and 40d and 40e and 40f, respectively. Since the 
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magnetic tunnel effect component (group) 1 1 and the magnetic tunnel effect component (group) 21 
are the same on structure, the magnetic tunnel effect component (group) 1 1 is explained as an 
example of representation below, and the explanation about the magnetic tunnel effect component 
(group) 21 is omitted. 

[0012] The magnetic tunnel effect component (group) 1 1 consists of a magnetic tunnel effect 
component which is the plurality by which series connection was carried out (this example 20 pieces), 
as shown in .drawing 2 which is an expansion top view. Each magnetic tunnel effect component is 
equipped with two or more lower electrodes 12 which made the flat-surface configuration the shape 
of a rectangle on the substrate 10, as shown in drawing 3 which is a fragmentary sectional view along 
one to 1 flat surface of drawing 2 . The lower electrode 12 separates predetermined spacing in a 
longitudinal direction, is arranged at the single tier, and is formed in about 30nm of thickness of Ta 
(Cr and Ti are sufficient.) which is a conductive non-magnetic metal ingredient. On each lower 
electrode 12, it is formed in the same flat-surface configuration as this lower electrode 12, and the 
laminating of the antiferromagnetism film 13 which consists of PtMn of about 30nm of thickness is 
carried out, respectively. 

[0013] On each antiferromagnetism film 13, the ferromagnetics 14 and 14 of the pair which consists 
of NiFe of about 20nm of thickness separate spacing, and the laminating is carried out. These 
ferromagnetics 14 and 14 have the shape of a rectangle in plane view, they are arranged so that each 
long side may counter in parallel, they constitute the pinned layer where the pin of the sense of 
magnetization was carried out with the antiferromagnetism film 13, and are magnetized in the 
direction of an arrow head of drawing 4 which is a partial expansion top view (facing the right). In 
addition, the antiferromagnetism film 13 and a ferromagnetic (pinned layer) 14 constitute the fixed (it 
has fixed magnetization shaft) magnetization layer to which the sense of magnetization was fixed 
substantially. 

[0014] On each ferromagnetic 14, the insulating layer 15 which has the same flat-surface 
configuration as this ferromagnetic 14 is formed. This insulating layer 15 consists of aluminum 203 
(aluminum-O) which is an insulating material, and that thickness is formed so that it may be set to 
about 1nm. 

[0015] On the insulating layer 15, it has the same flat-surface configuration as this insulating layer 
15, and the ferromagnetic 16 which consists of NiFe of about 80nm of thickness is formed. The sense 
of that magnetization constitutes the free layer (free magnetization layer) which changes according 
to the sense of an external magnetic field, and this ferromagnetic 16 forms magnetic tunnel junction 
structure with the pinned layer which consists of said ferromagnetic 14, and said insulating layer 15. 
That is, one magnetic tunnel effect component (except for an electrode etc.) is constituted by the 
antiferromagnetism film 13, a ferromagnetic 14, an insulating layer 15, and the ferromagnetic 16. 
[0016] On each ferromagnetic 16, the dummy film 17 of the same flat-surface configuration as the 
**** ferromagnetic 16 is formed, respectively. This dummy film 17 is constituted by the conductive 
non-magnetic metal ingredient which consists of Ta film of about 40nm of thickness. 
[0017] The layer insulation layer 18 for carrying out insulating separation of the ferromagnetic 14, the 
insulating layer 15, the ferromagnetic 16, and the dummy film 17 of the pair which formed a substrate 
10, the lower electrode 12, the antiferromagnetism film 13, a ferromagnetic 14, an insulating layer 15, 
a ferromagnetic 16, and the dummy film 17 on each antiferromagnetism film 13 while carrying out 
insulating separation of two or more lower electrodes 12 and antiferromagnetism film 13 in the wrap 
field, respectively, respectively is formed. The layer insulation layer 18 consists of Si02, and the 
thickness is about 250nm. 

[0018] Contact hole 18a is formed in this layer insulation layer 18 on each dummy film 17, 
respectively. While laying this contact hole 18a underground, the up electrodes 19 and 19 which 
consist of aluminum of 300nm of thickness are formed, respectively so that between one way each of 
the dummy film 1 7 and 1 7 of the pair prepared on a different lower electrode 1 2 (and 
antiferromagnetism film 13) may be connected electrically mutually. Thus, the magnetic tunnel effect 
component (group) 1 1 with which the sense of magnetization of a pinned layer connected two or 
more magnetic tunnel junction structures to the serial identically is formed by connecting electrically 
each ferromagnetics 16 and 16 (each dummy film 17 and 17) and each antiferromagnetism film 13 and 
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13 of magnetic tunnel junction structure of an adjacent pair one by one by turns, respectively with 
the lower electrode 12 and the antiferromagnetism film 13, and the up electrode 19. In addition, on 
the up electrodes 19 and 19, the protective coat which consists of SiO and SiN which omitted 
illustration is formed. 

[0019] A coil 30 is for giving the bias field of an alternating current to the above-mentioned magnetic 
tunnel effect components (group) 11 and 21, and it is laid underground in the upper part of a 
substrate 10 so that it may extend in the sense parallel to the sense of magnetization of the lower 
part of the magnetic tunnel effect components (group) 1 1 and 21 of the pinned layer of these 
magnetic tunnel effect components (group) 11 and 21. 

[0020] Next, it explains, referring to drawing 5 - dr awing 17 about the manufacture approach of the 
above-mentioned magnetic tunnel effect component In addition, in drawing 5 - drawing 12 and 
drawing 14 - drawing 17 , the magnetic tunnel effect elements to which it comes to carry out series 
connection of the four magnetic tunnel effect components are shown for explanation. Moreover, the 
coil 30 is omitted in these drawings. 

[0021] First, as shown in drawing 5 , it is a substrate 10 (in this phase), it is one substrate with which 
two or more magnetometric sensors are obtained by next dicing. The film which consists of Ta which 
constitutes the lower electrode 12 is formed by sputtering upwards at about 30nm of thickness. 
Subsequently, the film which consists of film which consists of PtMn for constituting the 
antiferromagnetism film 13 and ferromagnetic (pinned layer) 14 of a fixed magnetization layer, and 
NiFe is formed by sputtering so that thickness may be set to 30nm and 20nm, respectively. Here, 
they are the bottom magnetic layer SJ and nominal **** about the PtMn film used as the lower 
electrode 12 and the antiferromagnetism film 13, and the FeNi film used as a ferromagnetic 14. 
[0022] Then, the laminating only of the 1nm of the aluminum is carried out, and the film which 
consists of aluminum 203 (aluminum-O) which this is oxidized and serves as an insulating layer 15 
with oxygen gas is formed. Subsequently, the film which consists of NiFe which constitutes the 
ferromagnetic 1 6 of a free layer is formed so that thickness may be set to 80nm by sputtering, and 
the film which consists of Ta which constitutes the dummy film 17 on it is formed so that thickness 
may be set to 40nm. Here, they are the upper magnetic layer U J and nominal **** about a 
ferromagnetic 16 and the dummy film 17. Subsequently, as ion milling etc. showed to drawing 6 , the 
upper magnetization layer UJ is processed and it dissociates, and as shown in dr awin g 7 , the bottom 
magnetic layer SJ is processed and it dissociates. 

[0023] Next, as shown in drawing 8 , the film which consists of Si02 which constitutes the layer 
insulation layer 18 is formed by sputtering so that thickness may be set to 250nm on a component, 
and the film which consists of film which consists of Cr as plating substrate film on it, and NiFe is 
formed by sputtering so that each thickness may be set to 100nm and 50nm. Next, a resist 51 is 
applied as shown in drawing 9 . Patterning of the resist 51 is carried out to a predetermined 
configuration so that the part which plates behind may not be covered. 

[0024] Subsequently, as shown in drawing 10 , NiCo is plated as a magnetic layer for magnetic field 
impression. Thickness of this NiC ** is set to 10 micrometers. And as shown in drawing 11 , after 
removing a resist, as shown in drawing 12 , the milling (Ar milling) to the whole surface removes NiFe 
formed as plating substrate film. 

[0025] Drawing 13 is the top view of the wafer of this condition. In addition, in drawing 13 , the sign 
10 is given to each of the substrate divided by next dicing for convenience. As shown in drawing 13 , 
each of the magnetic layer for magnetic field impression (NiC**) is an abbreviation square-like by 
patterning of a previous resist, it is formed so that it may become the core top of the substrate 10 
separately divided after four pieces which the core adjoins, and in a lengthwise direction and a 
longitudinal direction, the right above section of the magnetic tunnel effect components (group) 1 1 
and 21 is removed — as (namely, it sets to plane view) It is arranged so that the layer used as the 
magnetic tunnel effect components (group) 1 1 and 21 in which the bottom magnetic layer SJ 
(magnetic layer used as a pin layer) containing the magnetic layer used as a pinned layer was formed 
may be pinched. In this condition, the magnetic field of the strength of about 1000 (Oe) is given in the 
direction parallel to the diagonal line of the square which each magnetic layer for magnetic field 
impression makes, and the sense which showed the magnetic layer for the said magnetic field 
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impression by the arrow head A of drawing 13 is made magnetized (magnetization). 
[0026] Subsequently, the above-mentioned magnetic field is removed. At this time, by the residual 
magnetization of the magnetic layer for magnetic field impression, as the arrow head B of drawing 13 
showed, the other magnetic field is generated in the left part of the magnetic layer for magnetic field 
impression which adjoins the other magnetic field from the right-hand side of the magnetic layer for 
**** magnetic field impression the lower side of the magnetic layer for magnetic field impression 
which adjoins from the surface of each magnetic layer for magnetic field impression. For this reason, 
a magnetic field parallel to the longitudinal direction for the said division is impressed to the part used 
as the magnetic tunnel effect components (group) 1 1 and 21. And while ordered-alloy-izing the 
antiferromagnetism film 13 which consists of PtMn, in order to give the switched connection field 
Hex, elevated-temperature annealing treatment which puts a wafer on the bottom of hot 
environments is performed. Consequently, the magnetic tunnel effect components (group) 11 and 21 
formed on the same substrate 10 come to have a mutually different pinned layer (the pin was carried 
out) magnetized by that it is suitable (in this case, sense which intersects perpendicularly mutually). 
That is, each magnetic tunnel effect components (group) 1 1 and 21 come to have the magnetization 
fixed shaft of the direction shown in drawing 1 by the arrow head. 

[0027] Subsequently, as shown in drawing 14 , an acid removes NiCo which is the plating film, and 
NiFe (plating substrate film) by which the spatter was carried out, and as shown in drawing 15 , milling 
removes Cr. Then, as shown in drawing 16 , contact hole 18a is formed in the layer insulation layer 
18, as shown in drawing 17 , aluminum film is formed by sputtering so that the thickness may be set 
to 300nm, this is processed into a wiring configuration and the up electrode 1 9 is formed. 
[0028] And the electrode pads 40a~40f shown in drawing 1 are formed on a substrate 10, and these 
electrode pads 40a-40f are connected with the magnetic tunnel effect components (group) 1 1 and 21 
and a coil 30, respectively. The film (illustration abbreviation) which finally consists of SiO which has 
150nm thickness by CVD, and the film (illustration abbreviation) which consists of SiN which has 
1000nm thickness are formed as a protective coat (passivation film). Then, it punctures by etching 
using milling, RIE, or a resist mask of a part of protective coat, and the electrode pads 40a-40f are 
exposed. Subsequently, the background (grinding is carried out and it is made thin) of a substrate is 
performed, dicing separates into each magnetometric sensor and, finally packaging is performed. 
[0029] Thus, the external magnetic field from which magnitude changes in accordance with each 
shaft of Y shaft orientations which intersect perpendicularly with X shaft orientations and this X-axis 
of drawing 1 was given to the magnetic tunnel effect component (group) 1 1 shown in manufactured 
drawing 1 , and the resistance rate of change MR (MR ratio) at that time was measured. The result is 
shown in drawin g 18 and dr awin g 19 . MR ratio of the magnetic tunnel effect component (group) 1 1 
changed [ rather than ] a lot to the external magnetic field from which the direction which receives 
the external magnetic field which changes to X shaft orientations changes to Y shaft orientations so 
that clearly from drawing 18 and drawing 19 . Thereby, it was checked that the magnetic tunnel effect 
component (group) 11 has the sense of magnetization of the pinned layer parallel to the X-axis. 
[0030] Similarly, to the magnetic tunnel effect component (group) 21 shown in drawing J. , the 
external magnetic field from which magnitude changes in accordance with each shaft of X shaft 
orientations and Y shaft orientations was given, and the resistance rate of change MR (MR ratio) at 
that time was measured. The result is shown in drawing 20 and drawing 21 . MR ratio of the magnetic 
tunnel effect component (group) 21 changed [ rather than ] a lot to the external magnetic field from 
which the direction which receives the external magnetic field which changes to Y shaft orientations 
changes to X shaft orientations so that clearly from drawing 20 and drawing 21 . Thereby, it was 
checked that the magnetic tunnel effect component (group) 21 has the sense of magnetization of the 
pinned layer parallel to a Y-axis. That is, it was checked that this magnetometric sensor has two 
magnetic tunnel effect components (magneto-resistive effect component) which have the pinned 
layer by which the pin was carried out so that the sense of magnetization might differ mutually on the 
same substrate 10 (it crosses mutually like [ the sense of magnetization ]). 

[0031] When the magnetometric sensor concerning the 2nd operation gestalt is explained, next, the 
2nd operation gestalt As opposed to the fixed magnetization layer of the 1st operation gestalt having 
consisted of PtMn and NiFe Only in the point constituted with the film with which the fixed 
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magnetization layer of the 2nd operation gestalt consists of MnRh whose thickness is 30nm, and the 
film which consists of NiFe (pinned layer) whose thickness is 40nm, it differs from this 1st operation 
gestalt. On the other hand, by difference of the quality of the material of this fixed magnetization 
layer, since the manufacture approaches of the 2nd operation gestalt differ only it of the 1st 
operation gestalt, and a little, it explains below. 

[0032] That is, as the 2nd operation gestalt was shown in drawing 22 , on a substrate 10, the film 
which consists of Ta which has 30nm thickness, the film which consists of MnRh which has 30nm 
thickness, and the film which consists of NiFe which has 40nm thickness are formed by sputtering, 
and the bottom magnetic layer SJ is formed. Subsequently, 1nm aluminum is formed, this is oxidized 
and an insulating layer 15 is formed. The film which consists of Ta which has the film which consists 
of NiFe which has 40nm thickness on it, and 40nm thickness is formed, and the upper magnetic layer 
UJ is formed. 

[0033] Subsequently, as shown in drawing 23 , the upper magnetization layer UJ is processed and it 
dissociates, and as shown in drawing 24 , the bottom magnetic layer SJ is processed and it 
dissociates. Next, as shown in drawing 2 5 , sputtering of Si02 is carried out so that the thickness 
may be set to 250nm, and as it formed, and the layer insulation layer 18 was continuously shown in 
drawing 26 , contact hole 18a is formed in this layer insulation layer 18. Subsequently, as shown in 
drawing 27 , sputtering of the aluminum is carried out so that the thickness may be set to 300nm, 
this is processed into a wiring configuration, and the up electrode 19 is formed. And the protective 
coat 20 which consists of SiO and SiN as shown in drawing 28 is formed by CVD. 
[0034] Next, a resist 51 is applied, as were shown in drawing 29 , and the film which consists of film 
which consists of Cr as plating substrate film, and NiFe was continuously formed by sputtering and 
shown in drawing 30 so that each thickness might be set to 100nm and 50nm. Patterning of the resist 
51 is carried out to a predetermined configuration so that the part which plates behind may not be 
covered. 

[0035] Subsequently, as shown in drawing 31 , NiCo is plated as a magnetic layer for magnetic field 
impression. Thickness of this NiC ** is set to 10 micrometers. And as shown in drawing 32 , after 
removing a resist, as shown in drawing 33 , the milling (Ar milling) to the whole surface removes NiFe 
formed as plating substrate film. At this time, since it will be in the condition which showed in drawing 
13 , give the magnetic field of the strength of about 1000 (Oe) in the direction parallel to the diagonal 
line of the square which each magnetic layer for magnetic field impression makes, the sense which 
showed the magnetic layer for the said magnetic field impression by the arrow head A of drawing 1 3 
is made magnetized (magnetization), and this magnetic field is removed after that. 
[0036] At this time, a magnetic field parallel to the longitudinal direction for the said division will be 
impressed to the part which becomes each magnetic tunnel effect component (group) 11' and 21' 
behind by the residual magnetization of NiC **. And elevated-temperature annealing treatment which 
puts a wafer on the bottom of hot environments is performed, consequently, same substrate 10' — 
magnetic tunnel effect component (group) 11' formed upwards and 21' will have a mutually different 
pinned layer (the pin was carried out) magnetized by that it is suitable (in this case, sense which 
intersects perpendicularly mutually). After elevated-temperature annealing treatment is completed, as 
shown in drawing 34 , an acid removes NiFe of plating film NiC** and the plating substrate film, and 
as shown in drawin g 35 , milling removes the plating substrate film Cr. After that, the same 
processing as the 1st operation gestalt is performed. 

[0037] Thus, the external magnetic field from which magnitude changes in accordance with each 
shaft of X shaft orientations and Y shaft orientations was given to magnetic tunnel effect component 
(group) 11' shown in manufactured drawing 1 , and the resistance rate of change MR (MR ratio) at 
that time was measured. The result is shown in drBMQg.36 and drawing. 37 . MR ratio of magnetic 
tunnel effect component (group) 1 1' changed [ rather than ] a lot to the external magnetic field from 
which the direction which receives the external magnetic field which changes to X shaft orientations 
changes to Y shaft orientations so that clearly from drawing 36 and drawin g 37 . Thereby, it was 
checked that magnetic tunnel effect component (group) 11' has the sense of magnetization of the 
pinned layer parallel to the X-axis. 

[0038] Similarly, to magnetic tunnel effect component (group) 2V shown in drawing 1 , the external 
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magnetic field from which magnitude changes in accordance with each shaft of X shaft orientations 
and Y shaft orientations was given, and the resistance rate of change MR (MR ratio) at that time was 
measured. The result is shown in cjrawjng^SS and drawing 39 . MR ratio of magnetic tunnel effect 
component (group) 21 ' changed [ rather than ] a lot to the external magnetic field from which the 
direction which receives the external magnetic field which changes to Y shaft orientations changes to 
X shaft orientations so that clearly from drawing 38 and drawing 39 . Thereby, it was checked that 
magnetic tunnel effect component (group) 21' has the sense of magnetization of the pinned layer 
parallel to a Y-axis, namely, the magnetometric sensor concerning this 2nd operation gestalt — same 
substrate 10' — having two magnetic tunnel effect components (magneto-resistive effect 
component) which have the pinned layer where the sense of magnetization crosses mutually upwards, 
and by which the pin was carried out like (it differs) was checked. 

[0039] As mentioned above, as explained, the magnetometric sensor of the 1st and 2nd operation 
gestalt has the magnetic (the include angles which the sense of magnetization of at least two pinned 
layers makes are include angles other than 0 degree and 180 degree) tunnel effect component which 
the sense of magnetization of a pinned layer intersects mutually on the same substrate (on a single 
chip). For this reason, it can use as small magnetometric sensors (for example, earth magnetism 
sensor etc.) which need to detect the field of different sense. Moreover, according to the 
manufacture approach of each above-mentioned operation gestalt, such a sensor can be 
manufactured easily. 

[0040] In addition, although PtMn is used for the pin layer of a fixed magnetization layer with the 1st 
operation gestalt, PtMn performs elevated-temperature annealing treatment in the phase before high 
temperature processing, such as CVD for protective coat formation, is made in order to carry out the 
pin of the pinned layer to the timing first made into an elevated temperature. On the other hand, with 
the 2nd operation gestalt, MnRh is used for the pin layer of a fixed magnetization layer, and if the 
membraneous quality of MnRh has other high temperature processing after elevated-temperature 
annealing treatment, it will deteriorate. Then, in the 2nd operation gestalt, we decided to perform 
elevated-temperature annealing treatment after high temperature processing, such as CVD for 
protective coat formation. 

[0041] Moreover, according to the manufacture approach of the above-mentioned 1st and 2nd 
operation gestalt, the magnetic tunnel effect component (group) which shows an even function 
property to the external magnetic field which it is going to detect can be obtained. That is, grant of 
the field from which magnitude changes in the direction which intersects perpendicularly with the 
sense of magnetization of a pinned layer to the magnetic tunnel effect elements 1 1 and 21, 1 1\ and 
21' changes magnetization of this pinned layer smoothly, as Rhine LP of drawing 40 showed. On the 
other hand, the free layer of these components reacts to the sense of said external magnetic field 
sensitively by shape anisotropy, and if the magnitude of an external magnetic field becomes near "0" 
as Rhine LF of drawing 40 showed, it will change in step. Consequently, whenever [ angular relation / 
of the sense of magnetization of a pinned layer and the sense of magnetization of a free layer ] 
decreases, so that it becomes max (90 degrees of abbreviation) and the magnitude (absolute value) of 
an external magnetic field becomes large, when an external magnetic field is "0." This can be 
checked by drawing 19 , drawing 20 , drawing 37 , and drawing 38 . 

[0042] Furthermore, unlike the sense of magnetization of this plating film, when you make it 
magnetized in the fixed direction which shows the plating film (NiC**) which is each magnetic field 
impression magnetic layer by the said drawing 13 Nakaya mark A so that clearly also from drawing 
13 , the sense of the magnetic field generated between **** plating film by the residual 
magnetization of the **** plating film turns into sense perpendicular to the end face of this plating 
film M, as the said drawing Nakaya mark B showed. If the end-face configuration of the plating film M 
is designed and this plating film is magnetized to the sense of an arrow head C as it follows, for 
example, was shown in drawing 41 Since the magnetic field which has locally the desired sense 
(sense shown by the arrow head D) in the proper part on a wafer can be generated It becomes 
possible to manufacture the magnetic tunnel effect components (magnetic tunnel effect component 
which the sense of magnetization of a pinned layer intersects mutually on a single chip) TMR1 and 
TMR2 which have the fixed magnetization shaft of the desired sense on a single substrate using this. 
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[0043] Next, if the magnetometric sensor concerning the 3rd operation gestalt of this invention is 
explained, the magnetometric sensor of the 3rd operation gestalt is constituted by the GMR 
component to the magnetometric sensor of the above-mentioned 1st and 2nd operation gestalt 
having been constituted by the TMR component. Moreover, this magnetometric sensor is equipped 
with the X-axis magnetometric sensor which detects the field of X shaft orientations, and the Y-axis 
magnetometric sensor which detects the field of Y shaft orientations which intersect perpendicularly 
with said X-axis. 

[0044] When it states more concretely, this magnetometric sensor 60 As shown in drawing 42 , it has 
the shape of a rectangle which has the side in alignment with the X-axis which intersects 
perpendicularly mutually by plane view, and a Y-axis (the shape of an abbreviation square). Single 
chip (same substrate) 60a which becomes Z shaft orientations which intersect perpendicularly with 
the X-axis and a Y-axis from the quartz glass which has small thickness, Eight pads 65-68, 75-78, 
and the path cord that connects each pad and each component are included in the sum total formed 
on this chip 60a by the sum total formed eight GMR components 61-64, 71-74, and on this chip 60a. 
[0045] As the 1st X-axis GMR component 61 is formed near the X-axis negative direction edge 
depending on the method of Y shaft-orientations abbreviation central subordinate of chip 60a and the 
arrow head of drawing 42 showed it, the sense of the magnetization to which the pin of the pinned 
layer was carried out serves as the X-axis negative direction. As the 2nd X-axis GMR component 62 
is formed near the X-axis negative direction edge in Y shaft-orientations abbreviation center-section 
upper part of chip 60a and the arrow head of drawing 42 showed it, the sense of the magnetization to 
which the pin of the pinned layer was carried out serves as the X-axis negative direction. As the 3rd 
X-axis GMR component 63 is formed near the X-axis forward direction edge in Y shaft-orientations 
abbreviation center-section upper part of chip 60a and the arrow head of drawingj|2 showed it, the 
sense of the magnetization to which the pin of the pinned layer was carried out serves as the X-axis 
forward direction. As the 4th X-axis GMR component 64 is formed near the X-axis forward direction 
edge depending on the method of Y shaft-orientations abbreviation central subordinate of chip 60a 
and the arrow head of dr awing 42 showed it, the sense of the magnetization to which the pin of the 
pinned layer was carried out serves as the X-axis forward direction. 

[0046] As the 1st Y-axis GMR component 71 is formed near the Y-axis forward direction edge to the 
X shaft-orientations abbreviation center-section left of chip 60a and the arrow head of dr awing 42 
showed it, the sense of the magnetization to which the pin of the pinned layer was carried out serves 
as the Y-axis forward direction. As the 2nd Y-axis GMR component 72 is formed near the Y-axis 
forward direction edge depending on the method of X shaft-orientations abbreviation center-section 
right of chip 60a and the arrow head of drawing 42 showed it, the sense of the magnetization to 
which the pin of the pinned layer was carried out serves as the Y-axis forward direction. As the 3rd 
Y-axis GMR component 73 is formed near the Y-axis negative direction edge depending on the 
method of X shaft-orientations abbreviation center-section right of chip 60a and the arrow head of 
drawing 42 showed it, the sense of the magnetization to which the pin of the pinned layer was carried 
out serves as the Y-axis negative direction. As the 4th X-axis GMR component 64 is formed near the 
Y-axis negative direction edge to the X shaft-orientations abbreviation center-section left of chip 
60a and the arrow head of drawing 42 showed it, the sense of the magnetization to which the pin of 
the pinned layer was carried out serves as the Y-axis negative direction. 

[0047] Except for the point that the arrangement (sense of the magnetization to which the pin of the 
pinned layer to chip 60a was carried out) in chip 60a differs, each GMR components 61-64, and 71- 
74 are mutually equipped with the same structure substantially. Therefore, the structure is hereafter 
explained by making the 1st X-axis GMR component 61 into the example of representation. 
[0048] As the 1st X-axis GMR component 61 was shown in drawing 44 which is the outline sectional 
view which cut the 1st X-axis GMR component 61 at drawing 43 which is a top view, and the flat 
surface which met two to 2 line of drawing 43 Two or more narrow band-like section 61a which 
consists of spin bulb film SV and has a longitudinal direction in Y shaft orientations — 61a, Bias 
magnet film (hard ferromagnetic thin film layer) 61b which is hard ferromagnetics, such as GoCrPt 
formed down the Y shaft-orientations both ends of each narrow band-like section 61a, and consists 
of high coercive force and the quality of the material which has an angle-of-elevation mold ratio — It 
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has 61b. Each narrow band-like section 61a — 61a has joined to narrow band-like section 61a which 
extends and adjoins X shaft orientations on the top face of each bias magnet film 61b. 
[0049] The spin bulb film SV of the 1st X-axis GMR component 61 the free layer (a free layer — ) by 
which the laminating was carried out to order on chip 60a which is a substrate as the film 
configuration was shown in drawing 45 The spacer layer S, the conductive pin layer (the fixing layer, 
fixed magnetization layer) P, and conductive thickness which the free magnetization layer F and 
thickness turn into from 2.4nm (24A) Cu consist of a capping layer C which consists of 2.5nm (25A) 
titanium (Ti) or a tantalum (Ta). 

[0050] The free layer F is a layer from which the sense of magnetization changes according to the 
sense of an external magnetic field, and the thickness formed in right above [ of substrate 60a ] The 
8nm (80A) CoZrNb amorphous magnetic layer 61-1, The thickness formed on the CoZrNb amorphous 
magnetic layer 61-1 consists of a 3.3nm (33A) NiFe magnetic layer 61-2 and a CoFe layer 61-3 of 
the thickness of 1-3nm (10-30A) extent formed on the NiFe magnetic layer 61-2. The CoZrNb 
amorphous magnetic layer 61-1 and the NiFe magnetic layer 61-2 constitute the elasticity 
ferromagnetic thin film layer. The CoFe layer 61-3 prevents diffusion of nickel of the NiFe layer 61-2, 
and Cu 61-4 of the spacer layer S. In addition, bias magnet film 61b mentioned above — 61b has 
given the bias field to Y shaft orientations (longitudinal direction shown by the arrow head of drawing 
43 ) to this free layer F in order to maintain the uniaxial anisotropy of the free layer F. 
[0051] the pin layer P — thickness — the 2.2nm (22A) CoFe magnetic layer 61-5 and Pt — 45-55- 
mol% — the thickness formed from the included PtMn alloy piles up the 24nm (240A) 
antiferromagnetism film 61-6. The CoFe magnetic layer 61-5 constitutes the pinned layer where the 
pin (fixing) of the sense of magnetization (magnetization vector) is carried out in the X-axis negative 
direction, when backed in switched connection by the antiferromagnetism film 61-6 magnetized 
(magnetization), 

[0052] Thus, as the continuous line of drawing 46 showed, the constituted 1st X-axis GMR 
component 61 presents the resistance which carries out proportionally [ abbreviation ] and changes 
to this external magnetic field in the range of -Hc-+Hc to the external magnetic field which changes 
along with the X-axis, and as the broken line of drawing 46 showed, it presents the resistance of 
abbreviation regularity to the external magnetic field which changes along with a Y-axis. 
[0053] The X-axis magnetometric sensor is constituted by carrying out full bridge connection of the 
1st - the 4th X-axis GMR components 61-64, as the equal circuit was shown in drawing 47 . In 
addition, in drawing 47 , the arrow head shows the sense of the magnetization to which the pin of the 
fixing layer of each GMR components 61-64 was carried out. In such a configuration, a pad 67 and a 
pad 68 are connected to the positive electrode of the source of a constant voltage which is not 
illustrated, respectively, and a negative electrode, and potential Vxin+ (this example 5 (V)) and 
potential Vxin- (this example 0 (V)) are given. And the potential of a pad 65 and a pad 66 is taken out 
as potential Vxout+ and potential Vxout- respectively, and the potential difference (Vxout+-Vxout~) 
is taken out as a sensor output Vxout. Consequently, as the continuous line of drawing 48 showed, 
the output voltage Vxout which carries out proportionally [ abbreviation ] and changes to this 
external magnetic field in the range of -Hc-+Hc is shown to the external magnetic field which 
changes along with the X-axis and the X-axis magnetometric sensor showed with the broken line of 
drawing 48 , to the external magnetic field which changes along with a Y-axis, it shows the output 
voltage of abbreviation "0." 

[0054] The Y-axis magnetometric sensor is constituted like the X-axis magnetometric sensor by 
carrying out full bridge connection of the 1st - the 4th Y-axis GMR components 71-74. And a pad 77 
and a pad 78 are connected to the positive electrode of the source of a constant voltage which is 
not illustrated, and a negative electrode, potential Vyin+ (this example 5 (V)) and potential Vyin- (this 
example 0 (V)) are given, and the potential difference of a pad 75 and a pad 76 is taken out as a 
sensor output Vyout. Consequently, as the broken line of drawing 49 showed, the output voltage 
Vyout which carries out proportionally [ abbreviation ] and changes to this external magnetic field in 
the range of -Hc-+Hc is shown to the external magnetic field which changes along with a Y-axis and 
the Y-axis magnetometric sensor showed as the continuous line of drawing 49 , to the external 
magnetic field which changes along with the X-axis, it shows the output voltage of abbreviation "0." 
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[0055] Next, the manufacture approach of the magnetometric sensor 60 constituted as mentioned 
above is explained. First, as shown in drawing 50 which is a top view, it consists of the above- 
mentioned spin bulb film SV and above-mentioned bias magnet film 61b on rectangular quartz glass 
60a1, and two or more film M which constitutes each GMR component behind is formed in island 
shape. This membrane formation is performed in precise thickness by continuous laminating using 
ultra-high-vacuum equipment When quartz glass 60a 1 is divided into each chip 60a which it was cut 
along with the broken line of drawing 50 according to the next cutting process, and was shown in 
drawing 42 , these film M is formed so that it may be arranged in the GMR components 61-64 shown 
in this drawing 42 , and the location of 71-74. Moreover, alignment (positioning) mark 60b of the 
configuration except a cross-joint form is prepared in the four corners of quartz glass 60a1 from the 
rectangle. 

[0056] Subsequently, as shown in drawing 52 which is the sectional view cut in the cross section 
which met three to 3 line of drawing 51 which is a top view, and drawing 51 The square through tube 
was prepared only for plurality in the shape of a tetragonal lattice (that is, the square through tube 
which has the side parallel to the X-axis and a Y-axis). Meet this X-axis and this Y-axis, and the 
metal plate 81 of the rectangle prepared by separating the equal distance mutually is prepared. The 
permanent bar magnet 82 — 82 of the rectangular parallelepiped configuration which has the square 
cross section of this through tube and abbreviation identitas in each through tube of this metal plate 
81 is inserted so that the end face in which the magnetic pole of this permanent bar magnet 82 — 82 
is formed may become parallel to this metal plate 81. At this time, this permanent bar magnet 82 — 82 
is arranged so that the polarities of the magnetic pole which adjoins by the minimum distance may 
differ. In addition, all the magnitude of the magnetic charge of each permanent bar magnet 82 — 82 
uses an abbreviation equal. 

[0057] Next, as shown in drawing 53 which is a top view, thickness is about 0.5mm and said metal 
plate 81 and the plate 83 which consists of transparent quartz glass which has the rectangle of an 
abbreviation same configuration are prepared. In order to position by collaborating with alignment 
mark 60b of the above-mentioned quartz glass 60a1 in this plate 83, alignment (positioning) mark 83a 
of a cross-joint form is prepared in four corners. Moreover, alignment mark 83b is prepared in the 
location corresponding to the appearance of the permanent bar magnet 82 — 82 inserted in the 
above-mentioned metal plate 81 in the center section. Subsequently, as shown in drawing 54 , the 
top face of the permanent bar magnet 82 — 82 and the inferior surface of tongue of a plate 83 are 
pasted up with adhesives. At this time, the relative location of the permanent bar magnet 82 — 82 and 
a plate 83 is determined using alignment mark 83b. And the metal plate 81 is removed from a lower 
part. The magnet array constituted so that it might differ from the polarity of other magnetic poles 
which the polarity of the magnetic pole of each permanent magnet separates the minimum distance, 
and adjoin with the permanent bar magnet 82 — 82 and a plate 83 in this phase while the end face 
which constitutes a magnetic pole arranges two or more permanent magnets of an abbreviation 
square at the lattice point of a tetragonal lattice is formed. 

[0058] Next, as shown in drawing 55 , the quartz glass 60a1 with which the film (layer containing the 
layer containing the magnetic layer used as a pinned layer, i.e., the magnetic layer used as a pin layer) 
used as a GMR component was formed is arranged so that the field in which the film used as this 
GMR component was formed may touch the top face of a plate 83. Quartz glass 60a1 and the relative 
position of a plate 83 are correctly determined by making in agreement the part deleted by the 
cross-joint form of said alignment mark 60b, and the cross-joint form of alignment mark 83a. 
[0059] Drawing 56 is the perspective view showing the condition of having taken out only the four 
above-mentioned permanent bar magnets 82 — 82. On the top face of the permanent bar magnet 82- 
-82, the field which goes to the south pole which adjoins this N pole by the minimum distance from 
one N pole and from which 90 degrees of directions differ at a time is formed so that clearly from this 
drawing. Therefore, in the condition that quartz glass 60a1 was laid in the top face of the plate 83 
shown in drawing 55 , as typically shown in drawin g 57 , the field of the Y-axis forward direction, the 
X-axis forward direction, the Y-axis negative direction, and the X-axis negative direction joins each 
film used as GMR arranged in parallel each side of the square end face of one N pole. 
[0060] In this operation gestalt, heat treatment which fixes the sense of magnetization of the fixing 
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layer P (pinned layer of the fixing layer P) using this field is performed. Namely, a plate 83 and quartz 
glass 60a1 of each other are fixed by Clamp CL in the condition which showed in drawing 55 , these 
are overheated at 250 degrees C - 280 degrees C in a vacuum, and it is left in the condition for 
about 4 hours. 

[0061] Then, quartz glass 60a1 is taken out, while forming each pads 65-68 shown in drawing 42 , and 
75-78, wiring which connects these is formed and quartz glass 60a1 is cut along with the broken line 
finally shown in drayringJTO . The magnetometric sensor 60 shown in drawing 42 is manufactured by 
the above. 

[0062] Next, the result of having measured earth magnetism using the above-mentioned 
magnetometric sensor 60 is explained. In this measurement, as shown in drawing 58 , when the Y-axis 
forward direction of a magnetometric sensor 60 has turned to south, Bearing theta (measurement 
include angle) is defined as 0 degree. A measurement result is shown in drawing 59 . The X-axis 
magnetometric sensor output Sx shown as the continuous line changed in the shape of a sine wave, 
and the Y-axis magnetometric sensor output Sy shown with the broken line changed in the shape of 
a cosine wave so that clearly from drawjn£_59 . This result was as being predicted from the property 
shown by drawing 48 and drawing 49 . 

[0063] When both the values of (1) X-axis magnetometric sensor output Sx and the output Sy of a 
Y-axis magnetometric sensor are forward values, in this case, theta=arctan (Sx/Sy), (2) When the 
value of the output Sy of a Y-axis magnetometric sensor is a negative value, theta= 180 
degree+arctan (Sx/Sy), (3) Since it can ask for bearing by theta= 360 degree+arctan (Sx/Sy) when a 
value negative in the value of the X-axis magnetometric sensor output Sx and the output Sy of a Y- 
axis magnetometric sensor are forward values A magnetometric sensor 60 can be used as an earth 
magnetism (bearing) sensor which may be carried in pocket mold electronic instruments, such as a 
portable telephone. In addition, when bearing is in 270-360 degrees, and it permits what is displayed 
as -90-0 degree, and an output Sy is forward and theta=arctan (Sx/Sy) and an output Sy are 
negative, it is good also as theta= 180 degree+arctan (Sx/Sy). 

[0064] As mentioned above, the magnet array constituted so that it might differ from the polarity of 
other magnetic poles which the polarity of the magnetic pole of each permanent magnet separates 
the minimum distance, and adjoin while arranging two or more permanent magnets at the lattice point 
of a tetragonal lattice according to the 3rd operation gestalt, as explained is prepared. Since the pin 
of the sense of magnetization of the magnetic layer which turns into said pinned layer by the field 
which this magnet array forms is carried out, the sense of the magnetization to which the pin of the 
pinned layer was carried out can form easily a mutually different (it intersects perpendicularly 
mutually) GMR component on a single chip. Moreover, since the single chip equipped with the GMR 
component from which the sense of the magnetization to which the pin of the pinned layer was 
carried out differs mutually can be manufactured in large quantities at a stretch according to this 
approach, the manufacturing cost of this single chip can be reduced. 

[0065] In addition, this invention is not limited to the above-mentioned operation gestalt, and can 
adopt various modifications within the limits of this invention. For example, in the above-mentioned 
1st and 2nd operation gestalt, although large NiC ** of residual magnetization was adopted as plating 
film, it may replace with this and residual magnetization may adopt other large ingredients (for 
example, Co etc.). Moreover, the approach of fixing the sense of magnetization of the fixing layer of 
the above-mentioned 1st and 2nd operation gestalt is applicable to other magneto-resistive effect 
components equipped with a pinned layer (layer which has a fixed magnetization shaft) like the 3rd 
operation gestalt. Moreover, although PtMn was used for the pin layer P of the 3 above-mentioned 
operation gestalten, it may replace with this PtMn and FeMn or IrMn may be used. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the notional top view of the magnetometric sensor concerning the 1st operation 
gestalt and the 2nd operation gestalt of this invention. 

[Drawing 2] It is the expansion top view of the magnetic tunnel effect component (group) shown in 
drawing 1 . 

[Drawing 3] It is the sectional view which cut the magnetic tunnel effect component (group) shown in 
drawing 2 at the flat surface which met one to 1 line. 

[Drawing 4] It is the outline top view of the allotropy child who shows the antiferromagnetism film and 
ferromagnetic (pinned layer) of the magnetic tunnel effect component shown in drawing 3 . 
[Drawing 5] It is the outline sectional view of the magnetometric sensor of the 1st operation gestalt 
which exists in the middle of manufacture. 

[Drawing 6] It is the outline sectional view of the magnetometric sensor of the 1st operation gestalt 
which exists in the middle of manufacture. 

[Drawing 7] It is the outline sectional view of the magnetometric sensor of the 1st operation gestalt 
which exists in the middle of manufacture. 

[Drawing 8] It is the outline sectional view of the magnetometric sensor of the 1st operation gestalt 
which exists in the middle of manufacture. 

[ Drawing 9 ] It is the outline sectional view of the magnetometric sensor of the 1st operation gestalt 
which exists in the middle of manufacture. 

[Draw ing 10] It is the outline sectional view of the magnetometric sensor of the 1st operation gestalt 
which exists in the middle of manufacture. 

[ Drawing 11] It is the outline sectional view of the magnetometric sensor of the 1st operation gestalt 
which exists in the middle of manufacture. 

[ Drawin g 12] It is the outline sectional view of the magnetometric sensor of the 1st operation gestalt 
which exists in the middle of manufacture. 

[Drawing 13] It is the outline top view of the magnetometric sensor of the 1st operation gestalt which 
exists in the middle of manufacture. 

[Drawing 14] It is the outline sectional view of the magnetometric sensor of the 1st operation gestalt 
which exists in the middle of manufacture. 

[Drawing 15] It is the outline sectional view of the magnetometric sensor of the 1st operation gestalt 
which exists in the middle of manufacture. 

[Drawing 16] It is the outline sectional view of the magnetometric sensor of the 1st operation gestalt 
which exists in the middle of manufacture. 

[Drawing 1 7] It is the outline sectional view of the magnetometric sensor of the 1st operation gestalt 
which exists in the middle of manufacture. 

[Drawing 18] It is the graph which shows change of MR ratio of the allotropy child when giving the 
external magnetic field from which magnitude changes in an allotropy child's longitudinal direction (X 
shaft orientations) to one magnetic tunnel effect component (group) shown in drawing 1 . 
[ Draw ing 19] It is the graph which shows change of MR ratio of the allotropy child when giving the 
external magnetic field from which magnitude changes in the direction (Y shaft orientations) which 
intersects perpendicularly with an allotropy child's longitudinal direction to one magnetic tunnel effect 
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component (group) shown in drawing 1 . 

[Drawing 20] It is the graph which shows change of MR ratio of the allotropy child when giving the 
external magnetic field from which magnitude changes in the direction (X shaft orientations) which 
intersects perpendicularly with an allotropy child's longitudinal direction to other magnetic tunnel 
effect components (group) shown in drawing 1 . 

[Drawing 21] It is the graph which shows change of MR ratio of the allotropy child when giving the 
external magnetic field from which magnitude changes in an allotropy child's longitudinal direction (Y 
shaft orientations) to other magnetic tunnel effect components (group) shown in drawing 1 . 
[Drawing 22] It is the outline sectional view of the magnetometric sensor of the 2nd operation gestalt 
which exists in the middle of manufacture. 

[Drawing 23] It is the outline sectional view of the magnetometric sensor of the 2nd operation gestalt 
which exists in the middle of manufacture. 

[Drawing 24] It is the outline sectional view of the magnetometric sensor of the 2nd operation gestalt 
which exists in the middle of manufacture. 

[Drawing 25] It is the outline sectional view of the magnetometric sensor of the 2nd operation gestalt 
which exists in the middle of manufacture. 

[Drawing 26] It is the outline sectional view of the magnetometric sensor of the 2nd operation gestalt 
which exists in the middle of manufacture. 

[Drawing 27] It is the outline sectional view of the magnetometric sensor of the 2nd operation gestalt 
which exists in the middle of manufacture. 

[Drawing 28] It is the outline sectional view of the magnetometric sensor of the 2nd operation gestalt 
which exists in the middle of manufacture. 

[Drawing 29] It is the outline sectional view of the magnetometric sensor of the 2nd operation gestalt 
which exists in the middle of manufacture. 

[Drawing 30] It is the outline sectional view of the magnetometric sensor of the 2nd operation gestalt 
which exists in the middle of manufacture. 

Q___H__r_g____l It is the outline sectional view of the magnetometric sensor of the 2nd operation gestalt 
which exists in the middle of manufacture. 

[Drawing 32] It is the outline sectional view of the magnetometric sensor of the 2nd operation gestalt 
which exists in the middle of manufacture. 

[Drawing 33] It is the outline sectional view of the magnetometric sensor of the 2nd operation gestalt 
which exists in the middle of manufacture. 

[ Drawing 34] It is the outline sectional view of the magnetometric sensor of the 2nd operation gestalt 
which exists in the middle of manufacture. 

D^wiD£-35l It is the outline sectional view of the magnetometric sensor of the 2nd operation gestalt 
which exists in the middle of manufacture. 

[Drawing 36] It is the graph which shows change of MR ratio of the allotropy child when giving the 
external magnetic field from which magnitude changes in an allotropy child's longitudinal direction (X 
shaft orientations of drawing 1 ) to one magnetic tunnel effect component (group) concerning the 2nd 
operation gestalt. 
[Drawing 37] 
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